Two-dimensional (2D) intrinsic half-metallic materials are of great interest to explore the exciting physics and applications of nanoscale spintronic devices, but no such materials have been experimentally realized. Using first-principles calculations based on density-functional theory (DFT), we predicted that single-layer MnAsS 4 was a 2D intrinsic ferromagnetic (FM) half-metal. The half-metallic spin gap for singlelayer MnAsS 4 is about 1.46 eV, and it has a large spin splitting of about 0.49 eV in the conduction band. Monte Carlo simulations predicted the Curie temperature (T c ) was about 740 K. Moreover, Within the biaxial strain ranging from -5% to 5%, the FM half-metallic properties remain unchanged. Its ground-state with 100% spin-polarization ratio at Fermi level may be a promising candidate material for 2D spintronic applications. magnetism of RbSe and CsTe compounds: A density functional theory study,"
I. INTRODUCTION
Spintronics, which uses the spin of electrons for the information storage, transport and processing, have attracted intensive interests from the viewpoint of fundamental science and technology applications in the past decades 1 . It is important in the field of quantum computing and the next-generation information technology 2,3 . Half-metallic materials, which is conducting in one spin orientation but insulating in the opposite spin direction meet the demand of a 100% spin polarization ratio, are highly desirable for advanced spintronic applications 4 . The band gap for the insulating channel is termed as spin gap. To prevent spin leakage, the spin gap needs to be as wide as possible 5 . Since the first half-metallic material NiMnSb was predicted in 1983 6 , there has been a flurry of research into magnetic half-metals, such as transition metal compounds MnX (X = P, As), NbF 3 , CoH 2 , ScH 2 , TiCl 3 , VCl 3 7-10 ; sp half-metallic ferromagnets RbSe and CsTe 11-14 .
Although half-metallic material has been studied for a long time, the demonstrated halfmetals was very limited and have serious shortcomings, such as high cost or low T c . Until now, intrinsic half-metallic material with wide spin gap and high T c is still absent in experiments. However, the single-layer CrPS 4 15 was predicted to be a ferromagnetic semiconductor and the valance bands are splited for different spin orientation. As hole doping can lower Fermi level into the valence bands of one spin and lead to half-metallic ferromagnets. An obvious option is to replace Cr by Mn atoms, and by stability calculation we replace P with
As atoms.
In this paper, the first-principles calculations are used to investigate the mechanical, Figure S1 . Phonon dispersions were calculated by density functional perturbation theory 24 by the Phonopy package interfaced to VASP code with 2 × 2 × 1 supercell. We inserted a 15Å vacuum slab to avoid the interactions between periodic images. The atomic structure of single-layer MnAsS 4 is shown in Fig. 1 . The unit cell has parameters a = 11.34Å, b = 7.89Å. As shown in Fig. 1 (b) , the As atoms bridge the twisted MnS 6 octahedral chain. A Mn atom connects six S atoms, three types of bond lengths of Mn-S1, Mn-S2, Mn-S3 are 2.635Å, 2.451Å and 2.646Å, respectively. An As atom connects four S atoms and the bond lengths of As-S3, As-S4, As-S5 are 2.198Å, 2.182Å and 2.214Å, respectively, and the As-S6 bond length is the same as As-S4. In the diamond box in Fig. 1 (a) is a primitive cell. A primitive cell contains two Mn atoms. We calculated that each primitive cell is an integer magnetic moment of 8 µ B , and the local magnetic moment per
III. RESULTS AND DISCUSSION
Mn atom is about 4 µ B .
To determine the ground-state magnetic order, we compared the total energies of FM and different antiferromagnetic (AFM) structures 25 Next, we determined its mechanical stability by calculating the three independent elastic constants. As shown in Table I , we find that C 11 = 76.69 N/m, C 12 = 10.39 N/m and C 22 = 71.35 N/m, respectively. The elastic constants clearly satisfy Borns stability criterion 26 , i.e., C 11 >0, C 22 >0 and C 11 -C 12 >0, indicating that they are mechanically stable. Meanwhile, we evaluate the stability of single-layer MnAsS 4 by comparing their binding energies, which is defined as
where E (Mn), E (As), E (S ) and E (MnAsS 4 ) are the energy of Mn atom, As atom, S atom and single-layer MnAsS 4 , respectively. According to this theory, the bigger E b is, the more stable the system will be. We find the binding energy is 4.03 eV per atom, which is bigger than the synthetic VI 3 27 and others 28, 29 .
In order to ensure the single-layer MnAsS 4 is dynamically stable, we calculated its phonon dispersion. As shown in Figure S2 , the imaginary frequency is found to be absent in the whole Brillouin zone, it suggests that single-layer MnAsS 4 is dynamically stable and can exist as free-standing 2D crystal. due to that S atom has larger electronegative. This allows Mn-S bonding to be more ionic. Fig. 3 (b) shows the spin density of single-layer MnAsS 4 , we find that the induced spin polarization is mainly contributed by Mn atoms while the contribution from As and S atoms can be neglected, which is consistent with the magnetic moment analysis. Variation of the spin gap (black line) and half-metallic band gap (red line). Fig. 4 (a) (red line) shows the change of total magnetic moment when a biaxial strain is applied. We find that the total magnetic moment is not affected when the biaxial strain range from -5% to 5%. Fig. 4 (a) (black line) shows the energy difference between the FM and AFM orderings under the biaxial strain are negative, which indicates that no phase transition occurs during the process of biaxial strain and FM is always ground-state. As shown in Fig. 4 (b) (black line) , when the biaxial stretch occurs, the spin gap increases, but decreases when the biaxial compression. When the strain is 5%, the spin gap increases from 1.46 eV to 1.64 eV, and when the strain is -5%, the spin gap decreases to 1.36 eV, this trend is consistent with the previous report of CrSiTe 3 36 . When applying a biaxial strain of -3%, the half-metallic band gap becomes a maximum of 0.47 eV, but a biaxial stretch decreases the half-metallic band gap. When the biaxial strain is 5%, the half-metallic band gap is 0.30
eV. Herein we only consider nearest neighbors located along x and y directions. The exchange interaction parameters J ij are determined by the relation between the total energy and spin configurations. Our result of total J ij is 5.33 meV and 8.71 meV along the x and y directions, respectively, S=2. As shown in Fig. 6 , the T c extracted from the figure is around 740 K.
It is significantly higher than those reported before, e.g., CrI 3 monolayer (45 K) 38 , CrSiTe 3 (35.7 K) and CrGeTe 3 (57.2 K) 37
IV. CONCLUSIONS
In summary, we presented a intrinsic ferromagnetic half-metallic material by using first- 
